) . )
. C  o  r  t  e  z  S  C  ,  K  i  n  n  e  y  H  C  (  1  9  9  6  )  B  r  a  i  n  s  t  e  m  t  e  g  m  e  n  t  a  l  n  e  c  r  o  s  i  s  a  n  d  o  l  i  v  a  r  y  h  y  p  o  p  l  a  s  i  a  :  a  l  e  t  h  a  l  e  n  t  i  t  y  5  4  6   a  s  s  o  c  i  a  t  e  d  w  i  t  h  c  o  n  g  e  n  i  t  a  l  a  p  n  e  a  .  J  N  e  u  r  o  p  a  t  h  o  l  E  x  p  N  e  u  r  o  l  5  5  :  8  4  1  -8  4  9  .  5  4  7   C  r  i  t  c  h  l  e  y  H  D  ,  N  i  c  o  t  r  a  A  ,  C  h  i  e  s  a  P  A  ,  N  a  g  a  i  Y  ,  G  r  a  y  M  A  ,  M  i  n  a  t  i  L  ,  B  e  r  n  a  r  d  i  L  (  2  0  1  5  )  S  l  o  w  b  r  e  a  t  h  i  n  g  a  n  d  5  4  8   h  y  p  o  x  i  c  c  h  a  l  l  e  n  g  e  :  c  a  r  d  i  o  r  e  s  p  i  r  a  t  o  r  y  c  o  n  s  eu  e  n  c  e  s  a  n  d  t  h  e  i  r  c  e  n  t  r  a  l  n  e  u  r  a  l  s  u  b  s  t  r  a  t  e H  o  o  g  l  a  n  d  T  M  ,  D  e  G  r  u  i  j  l  J  R  ,  W  i  t  t  e  r  L  ,  C  a  n  t  o  C  B  ,  D  e  Z  e  e  u  w  C  I  (  2  0  1  5  )  R  o  l  e  o  f  s  y  n  c  h  r  o  n  o  u  s  a  c  t  i  v  a  t  i  o  n  o  f  5  9  4   c  e  r  e  b  e  l  l  a  r  P  u  r  k  i  n  j  e  c  e  l  l  e  n  s  e  m  b  l  e  s  i  n  m  u  l  t  i  -j  o  i  n  t  m  o  v  e  m  e  n  t  c  o  n  t  r  o  l  .  C  u  r  r  B  i  o  l  2  5  :  1  1  5  7  -1  1  6  5  .  5  9  5   I  s  a  e  v  G  ,  M  u  r  p  h  y  K  ,  G  u  z  A  ,  A  d  a  m  s  L  (  2  0  0  2  )  A  r  e  a  s  o  f  t  h  e  b  r  a  i  n  c  o  n  c  e  r  n  e  d  w  i  t  h  v  e  n  t  i  l  a  t  o  r  y  l  o  a  d  5  9  6   c  o  m  p  e  n  s  a  t  i  o  n  i  n  a  w  a  k  e  m  a  n  .  J  P  h  y  s  i  o  l  5  3  9  :  9  3  5  -9  4 at the bottom shows convolved peri-stimulus time histogram triggered on start of inspiration) and respiration (cyan trace at the left; indicated is the mean ± SEM) based on a trial-by-trial variance analysis in those Purkinje cells that predominantly showed a decrease in their simple spike firing rate linked to the respiratory cycle. Average of 13 Purkinje cells during unperturbed breathing. Note that the main simple spike activity follows the respiration (red area is below the 45° line). b Similar analysis of the 13 Purkinje cells that predominantly showed increased simple spike firing during the respiratory cycle. These Purkinje cells had a mostly negative correlation. Thus, for both types of Purkinje cells, the correlation was opposite to their mode of modulation, indicating that the shallower the respiration, the stronger the simple spike modulation. , the respiratory pattern appeared to be affected by sensory stimulation (c). Whisker pad stimulation (vertical lines) often triggered inhalation. d The raw respiratory signals around the air puff (90 trials of the same experiment as in c with the average (thick line) overlaid) demonstrate that whisker pad stimulation often triggers inspiration. e Raster plots showing respiratory cycles from 12 mice pooled together and sorted based upon the duration of the respiratory cycle during which the air puff (light green dots) was applied. The trials were aligned on the start of the last inspiration before the onset of the stimulus. Cyan dots indicate the start of the last inspiration before and the first inspiration after the air puff. The previous and subsequent respiratory cycles are indicated by increasingly darker shades of blue (see color code of h). In this plot the air puffs are concentrated just after or just before the start of an inspiration. The latter reflect the triggering of the next inspiration by the air puff. This effect was not observed when the stimulation occurred just after the start of inspiration. f Upon random shuffling of the respiratory cycles, the air puffs are equally distributed over the respiratory cycle. g Cumulative distributions of inspiration-puff and puff-inspiration intervals for experimental and randomized data. *** p < 0.001, Kolmogorov-Smirnov test. h Box plots of the duration of the respiratory cycles around the puff indicated that indeed the cycle during which the whisker pad stimulation was given were shorter. T0 is the cycle during which the air puff was given. Above the trace, the complex spikes are indicated by red dots, the start of the air puff by a green arrow and the start of inspiration by a cyan arrow. Below the traces are raster plots of simple spike activity aligned on the start of the first inspiration after the air puff. In the raster plots, the air puffs are indicated by green squares. The trials are sorted based on the duration of the respiratory interval following the air puff. The starting moment of inspiration are indicated by cyan dots. Note that the complex spikes are not shown in the raster plots for reasons of clarity. Convolved histograms of the complex spikes (c) and simple spikes (d) of these two illustrated Purkinje cells aligned on the first inspiration onsets after stimulus. The complex spike (e) and simple spike (f) data of the entire population of 57 Purkinje cells measured in this way are indicated in heat maps. The Purkinje cells are sorted according to the moments of their maximal complex spike firing. In g is illustrated the same plot of Fig. 2e for comparison along with the homologous plots for the air puff induced anticipated inhalations (h). Even in this case it can be observed a similarity between the profiles of the averaged respiratory signal and the averaged simple spike activity. In the latter case the simple spikes modulation anticipate the averaged respiration signal. Correlation matrix between simple spike firing (blue trace at the bottom represents the averaged convolved peri-stimulus time histograms) and mean reflexive whisker protraction (red trace on the left) for Purkinje cells with (a, n = 25) and without (b, n = 31) significant correlation between simple spike firing and air puff-induced whisker movement (see Methods). For 15 out of the 25 whisker-related cells and 18 out of 31 whisker-unrelated cells the respiratory signal was simultaneously recorded and used for the respiration-spike matrix of correlation in c and d, respectively. The whisker-related Purkinje cells had a higher correlation between their instantaneous simple spike rate and respiration than the other Purkinje cells (p = 0.018, t test). The location of the maximal correlation above the 45° line indicates that in trials in which the Purkinje cells fired more simple spike then, few tens of milliseconds later, the amplitude of the respiration was bigger and vice versa. In addition, the simple spike to whisker correlation (for the whisker-related cells) is stronger and earlier in time when the matrix of correlation is aligned to the puff-induced inhalation, rather than to the puff itself (e). Conversely, on average the whisker-unrelated cells did not show a clear correlation even when the signals were aligned to the air puff-induced inspiration (f). Shaded areas around the traces indicate SEM. Figure 9 -Delayed respiratory response in Gria3 KO mice a Pcp2-Gria3 KO mice lack the gene for AMPA receptor GluA3 subunit, specifically in Purkinje cells. Instead, they express more GluA1/GluA2-type AMPA receptors than wild type mice. b In Pcp2-Gria3 KO mice, the whisker stimulation (vertical green lines) appears to be less effective in triggering inhalation than in wild type mice. c The respiratory pattern of an exemplary Gria3 KO mouse (red lines) around the air puff showing delayed inspiration when compared to a wild type mouse (the cyan lines are the same as in Fig. 4c-d) . The puff-inspiration intervals of 6 Gria3 KO mice are longer compared to those of wild type mice (p < 0.001, Kolmogorov-Smirnov test). This results in a shift to the right of their cumulative histogram (d). In e the raster plot of the respiratory cycles perturbed by the air puffs are sorted from the shortest (top) to the longest (bottom). The beginning and the end of each cycle are represented with dark blue dots for the wild type and dark red dots for the Pcp2-Gria3 KO mice, while the relative time of the air puffs is depicted in cyan and red respectively. Looking at all the individual data points, both red and cyan dots are not randomly distributed and tend to accumulate before the subsequent inhalation. The delay to the start of the next inspiration is longer in Pcp2-Gria3 KO mice than in wild type mice. The simple spike activity of intact Purkinje cells increases during the air puff-triggered inspiration (f). This increase resamples, precedes and potentially affect the relative ongoing respiration. Conversely, the simple spike activity of the Pcp2-GriA3 KO mice modulates differently than in WT mice (p < 0.001, Kolmogorov-Smirnov test) and do not resample the respiration signal (g). The pressure on the abdominal sensor was used as the raw respiratory signal (cyan). As the course and duration of each cycle could be quite variable, we used a phase transform (black) to obtain the instantaneous phase at each moment of the respiratory cycle. For ten mice, we show here three overlaid randomly selected cycles (during unperturbed breathing) with underneath it the three phase transforms. The three parts of the cycle, inspiration (starting at phase 0), post-inspiration and expiration can be seen in most traces. c Frequency, coefficient of variation (CV) and mean local coefficient of variation (CV2) of eupneic respiration in 13 mice. d The average complex spike (CS) and simple spike (SS) frequency as well as the mean local coefficient of variation (CV2) of the simple spikes of 43 Purkinje cells recorded during eupneic respiration. e Violin plots indicating the distributions of the maximal (absolute) complex spike and simple spike modulation for each Purkinje cell during the respiratory cycle. The firing rate modulation is expressed as Z score related to the bootstrap analysis. Responses exceeding a Z score of 3 (p < 0.01) were considered to be statistically significant, but it is clear that most Purkinje cells show at least some degree of modulation and any clear separation between modulating and non-modulating Purkinje cells would be subjective. Gray lines in the violin plots indicate 10 th , 25 th , 50 th , 75 th and 90 th percentiles. There was a positive correlation between the rate of simple spike firing around the transition between inspiration and post-inspiration (~π) and the occurrences of complex spikes during the transition from post-inspiration to expiration (~3π/2) (r = 0.54, p < 0.001, Spearman rank test). c Likewise, there was a negative correlation between complex spike firing around the transition from post-inspiration to expiration and the simple spike rate during expiration (~7π/4) (r = -0.43, p = 0.004, Spearman rank test). whisker pad stimulation and the start of the next inspiration (x axis) and the intervals between the start of the preceding inspiration and the whisker pad stimulation (y axis). The recorded data were compared to data were the times of the inspiration were randomly shuffled (cf. Fig.  4e-f ). In the randomized data (middle), there is a clear symmetry between the time interval between the onset of inspiration and that of the stimulus ("inspiration -puff") and the time interval from stimulus onset to the start of the next inspiration ("puff -inspiration"). This symmetry is broken in the experimental data (left), showing a tendency to start the next inspiration within 100 ms of the stimulus (right). b Whisker pad air puff stimulation affected the timing of the subsequent inhalations, but the mice did not entrain their respiration on the fixed frequency of the air puff stimulation. This becomes clear from the raster plot showing the timing of the start of inspiration around the moment of air puff stimulation. The raster plot is constructed by combining trials from 12 mice, sorted on the duration of the cycle prior to the air puff stimulation. 
-200
Figure S7 -Complex spikes do not mediate the accelarated inspiration after whisker pad stimulation a Air puff stimulation of the whisker pad triggers both complex spike firing (red dots) and accelerated inspiration (cyan dots). This raster plot shows the pooled trials of the 12 mice ordered on the interval between the start of the stimulus and the first complex spike afterwards. b Histogram of complex spikes during the first 500 ms after the air puff, composed of the data shown in a. The initial peak response occurs within 78 ms. Inset: Violin plots showing that the timing of the first inspiration after the air puff is not depending on the moment of complex spike firing. Left: trials with a complex spike between 0 and 78 ms after the air puff; middle: 78-200 ms; right:
200-500 ms. p = 0.560, KW = 1.158, Kruskal-Wallist test. c Scatter plot showing, for each Purkinje cell, the median interval between air puff and start of the next inspiration for trials with and without a complex spike within 78 ms of the air puff. The strong correlation demonstrates a lack of impact of complex spike firing on the start of the next inspiration (r = 0.693, p < 0.001, Spearman rank test). d Box plots of the intervals between the air puff and the start of the next inspiration in trials with and without a complex spike during the first 78 ms after the air puff (p = 0.148, Mann-Whitney test). e The same for the second respiratory interval after the air puff (p = 0.302, Mann-Whitney test). The impact of optogenetic stimulation on respiratory timing was studied using transgenic mice expressing ChR2 exclusively in their Purkinje cells (a). Violin plots showing the duration of the respiratory cycle during which the stimulus was given (b), the interval between the start of inspiration to that of the stimulus (c) and the interval between the start of stimulation and that of the next inspiration (d). Left column: 100 ms stimulation, right column: 200 ms stimulation. The horizontal lines indicate the 10 th , 25 th , 50 th , 75 th and 90 th percentiles.
